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mm^] mmm 

i3n^Lamm^^)^m\^zt^mmt-t^^mi^mm. 

m^m2] frfiBL a^^M^fi, LaT io^m^^^m^^nx\f^^z 

If 1 x\t 2 \ztmo)^m^mm.. 
m^ynmM±.\z. i^a^^MLP\>^^Mbtji^^^uzr7.ij^ vmm^o^m 

m^T^^] mmrmm^. LaT io^mtt^zt^nmtt^m^ 
c»*:^6] mmmmwm:^. pb (zr, ti) Ogii, (Pb. l 

a) (Zr. Ti) Og]^, (Pb, Sr) (Zr, Ti) OgE, (Pb, Ca 
) (Zr, Ti) (Pb, La, Sr) (Zr. Ti) OgJ^, (Pb. 
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La, Ca) (Zr, Ti) OgM, (Pb, Ca, Sr) (Zr, Ti) O3M 
,>S.tK(Pb, La, Ca, Sr) (Zr, Ti) OgllTi^ej;^^!^;^^^^^^ 

[0 0 0 1 ] 

[0 0 0 2] 
[^3f5<^)^^g] 

Zr, Ti) O3 (Ji)^T> PZTi:=fcV^e)o ) *'!i^CMV^ ^^IT V^§„ ^fe, 3t 
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[0 0 0 3] 

rm±x 0PZT (Dtjmmm^mmfim < > ^* i/ -r > -^--f xici^ ^ o ^ ^ 

i:VAe)^M*^feofco ^LT, "tOym^nthX. rjpn.J.AppU.Phys., Vol. 3 
2., No.9B,pp.4086-4088(1993)j ^T'#^$tlT V^^:^^;b^fe§„ 
fe^*^Ci?)m^±{CP b T i O3(Z)l0^®$:?^^L. -e®^tC P Z TM&fig^l- 

[0 0 0 4] 

[||0^^^j!^^LJ:e)i:1-§^ll] 

[0 0 0 5] 

\H^^mubxn\>^mm^^m^zti)^x^^^mi^mujkr:^'ta)m^:^mkm 

[0 0 0 6] 

Ph^^:^t^^mni^^m^^^t. PbO0^^E:^^l^V^fc^^, ^HcfiiCPb 
[0 0 0 7] 
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^^^^ ny^v^v^^ ^w„w^ 

[0 0 0 8] 

i^muf)m^ti^o zo^ma^mmx^it. mmmmmi^miz. mmrmnmtm 

So 

[0 0 0 9] 

LX. L a ^r-^^tbP b $:-^;tU?5^V^^®$:^MbTV^§„ tJgoT, P b ^r-^^t 

(Dtc.}^. mx\t^n^^^mmmmn,\zm^\.f=.m^\z\t. m^m<j>mMnw 

[0 0 10] 

mmmx-^^x^. ±wt.Lx^m%^^^-t^(Dx-&i(\\t. ^(D^ofAmmm 
^^mn^mz^t.u^-h(Dhirh. ttc. mmiz. mMmxrjt<t%. ±^0 
aMUiii^^jc, ^i^tLx^mm^^^t^(Dx:&nit. mmn^miz^tn 
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^ 

[0 0 11] 
[0 0 12] 

V hmstimxj^^:^^izMi^xmw.^£:^mizmn^mwi^(Dv~ k^4^i;^i/ 

[0 0 13] 

MOS h^>e;^^2(Z)>!f-MiD-K^4lCg^M$tlTVN§, ^Ac. MO S 

7.' \^\y>(y\tmMnw^^f-^y9 i(D-isoyw^\zm^-^nx\i^^o ^lt. 

i(^ffi:^®«1i*'jyi/- h^5^cg^^$tlTv^So # 

■ fimt^^is\^tn-(Di3mzmsm.Wim(DMo s 2{c j; u^^^^^x 

[0014] 
[0 0 15] 

^b, rrr-tt. 'gi:±. ^^=^^)^)\,<bmm^'t(Dm^i]mk.mzum-th. 
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[0 0 16] 

M^liSTI (shallow trench isolation) JC i: U ^^^UMigc 1 2 ^?^J^-t<S 

18. e/'j-t^-r KMi 9. <gasi£EMi5. iJ-^r K'i^;f-;i/2 o;atfii^tg^l£ 
tS:Mi 6^^3i)\yi s<Dmmizm^-t^:itiz^i)^ Mos i 4 $: 

j^fi^-t-So z:0Mo s 1 4;&'5, gl i {cfeij--5MO s 2 

izm^-t^o tjtiB. #MOS h^>s;x^? 1 4ic}i. v-;^;S:?;K^>f >Mic2 
M(^l^a;SI£fi:Ml 6S:?^fiKtS*^. 2M<^)M0 S l 

4ra"r^;t^i±5o 

[0 0 17] 

bxm^b. Miz^mzi/ vnymim2 mx.itmmcYDmiz^^)]^^ 
tyvnymmtm2 lit. ^yvnym^m2 2^m^-t^^0^-hmm 

1 er^TSi^f h7jN-;i/$:f>«;i3>^fl:m2 2^t>*^u 

2 nzm^t^ztiz^^). 'f'^^^ny^^hm^mat^o ^hx. uy^^ 

h^-;imz/ivr7^^jvm2 s ^m^Ltc^. m^itcvDmiz^ ^jwm^m 
CMP (it^mw.mmm) ^^f-ox^mitt^ztiz^i). w>^^^2 
4 ^m^t^. 

[0 0 18] 

i!>CVNT\ 1212 (b) iZ^t^OiZ. ^®{C Ir]^25, LaTiOg (^T, 
LTi:t,V\e)o ) 112 6 a, PZT112 6 b^t>'I r02m2 7 ^rjgi^J^f^^e 
o LTJ12 6 a;S:tJfPZTjl2 6 b(^^^#igii, VATtl=fo'^n ■/T.^ij-f hM^ 
itX$>^. IrE2 5ti, Mx.«7.A°^i/^^SlCi:y 2 0 0 nm(Dji:$}C0^UT 
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=bj:V^o LT|l2 6ali, Mx.liMO C V D^tCi: U 1 0 n m®fC$ {c^ij^bT 
^S§:Mv^fc^^i:Jti^LT, M©S^[o^ttJ&^a^^c^-5c MOC VD^^lc 

VAT L Tjg^rfiKM'ttllf. L T!lS!l?< L^^*^^ P Z T(D^f|«#ffiSr«:^b1* 
tC^tffei?). i8^ttv\„ ±IB-ett, 1 0 nm®i^$:M^LTVA-g>/)\ HJ? 

0 nmJe^T(^#-^^ MO C V D?5feS:M VNfc X A^y ^ U > ^^$:M Vxfe 

[0 0 19] 

PZT|g2 6 btt, M;tliMOCVD^lC J: y 110 n m(DjP$ {C^^HLT^j 
iVA... Ir02M2 7lj:, ^-^{Ci; 2 0 0 n mCDjy^fCJ^^UT 

=foJ:VN, LT112 6 att5Kfim^llT'tt;&VA;()^, 2(s:||ig?^®T li, LTll2 6a 

^tjtpzTii2 6 y>(n>mmmi^^m.mwmi e^&^msnrvNSo 

[0 0 2 0] 

Uffi"rri:J&<m^bT^?e)3h;()W* bVA„ I n- s i t uT^Te)^ 

^(Z)tt»T'=fe, LT112 6 a(D0fi^>&?;PZT112 6 b(D?^figlj:^ 
L/ T "9 r i: # fC ji T -5 o 
[0 0 2 1] 

isV>T. EI2 (c) tC^f cke)lC, A°^-->^'*^t>*x^y^>^'^^g$:Mv>T 
. I r02M2 7, ^gim#:]|^2 e^tJfl r]^2 5$:;&lIXt*-SZ:i:{CJ:»;. Ir 

02)12 7 §:±g|SmM^b, I r)l2 5 §:T§m^ii:L, Z.t\,^(n>n\Z^m%^ 

[0 0 2 2] 
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a 

[0 0 2 3] 

r^vN-r\ ms (b) iz^-t^oiz. ^mzMmmmmz q ^^mbt:!^. z.ti 

S:CMPJCj:y^Ja^b-t'5o Mmmmmz ^ tLXlt. mXitnUP (High Den 
sity Plasma) CY Dmn^i^^bX i/ V nymim^^mVX ^ ^\f\ ttc. 
jir^$fe^l^2 9 iiLTTEOS (tetraethyl orthosilicate) Mitm^^^bX 

[0 0 2 4] 

ieV^T, 1114 (a) iZ^t^OlZ. A° ^ ^*^t>'x «y ^ > V^T 

, Mmmmm2Qjkxfrj]y^±umm2 8iz. 2M®Mosh^>s;;^^i4tc 

i: y tife^f ^gSififcM 1 6 lcg?M$ tifeW:/^ ^24* xmm-t^n y ^ 
^ h J^^-t -So ^k\z. Z.(Dny^^Vts-)\ymzA^)r:^>^)\^m^O^ 

m^i^tc^. Mx.ticvD^ici:ywMS:Si?)ii*> CMP iit^mmmmm) 

0°C7?N2^^Xv{CMr^^iei^]^2 9^t>*W>^^^*3 1 o Z.O^rf'y 

Xv^SOD^^li. 2 o#r^T'feSo 

[0 0 2 5] 

, Mx.liS i ONJl$:^Mt-<5^i:*'^-e^, 1 0 0 n mamX' 

fe-5o -?-bT> >'^°^-->y^t)fx^y^>i'^^j?$:MV^T> 04 (b) tc^fi: 

e){C. W^'fbl»lh]^>SLt>*Jir^^^ll2 9fC, _hgmSfcS I r02M2 7tTPJ 

§;^«b(Z)r--;i/$:M"to rcDrx-;ni, M^i^ 5 o orT'02#H^<©7r 

[0 0 2 6] 
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a)7iV7^^)]^mtLXit. Mx.lij¥$7b^7 0 nm®T i Nmt 5 nm©T i|^ 

$3()^3 0 nmCDT i Nmt 6 0 n mCDT i )li:<3D^M)l$:?^fi^tT=b J: V^, 
[0 0 2 7] 

. 04 (b) {C^-tcl:e){C. /"<5UT^^;H13 2. @BIS 3 3 ;g:t>VN' U 
3 4*'!?^^§n5o 
[0 0 2 8] 

tit^i:}A-m^m^Lx^mmi^^^j-^ty^^^-t^^mmii^:^=Ev ^^^-^-^ 
r^mus zis^^v- vm\zmm-^t\>^iio\z.L. 2m<©mos v^y^jT.^iA. 

[0 0 2 9] 

z:(OJ;e){c. if.%mBm.\z^\^X\t. PZTm2 6 bcDJ^^tifJC, TBP«Mi: 
I r|^2 5(3D±{CLTM2 6 a ^m^bX^^^o r <3D L Tl^ 2 6 a P b 

MiZUmt^Z-tti^-^mx^^o otU, iB[nJ'li(^^VxLTll2 6 a S:?^^-t-5 
Zttl^X^^. LT112 6 a(Z)^^lp3ittPZTjl2 6 bi:|^aiC, A:n 

::^'^;!j>f hM^jiT'feSo -etX, 3(DJ:e)^LTE2 6 a®±iC, PZTm2 
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6 b $:?^figbT^^<S®T^ PZTI12 6 b (7)figS(7)|^lC L Tjl 2 6 a(D@BfnI*^^ 
[0 0 3 0] 

m^it. xmmmm (xrd) ^z^^m0i^(Dwm^^^m^^tmx*:^v. mm 

T0 (1 1 1) bf-^^^>g$:M^Lfe^35, 05tC^f i^lC, t^e5ll(D r^g^ 

z(Dmmmxit. '^^<D3m^<DPZT (i i d (Z)gBinitt;{)>#e)tifco 

[0 0 3 1] 

rzi-e, ±j&0mmmmxit. m^^nr^^mni^^^ni/^iz^\^^x. lt 

E2 6 a i:PZTm2 6 b ttf^mmK^B^n. -e®J^#;^)'^^?I^C;&oTV^-5 
0tbX\t^^i)\ PZTJ12 6 h(Dj^^0mZPZT^(DPhjkX:^Zri)^LTm 

2 6 atplzmWt^Zt^:^''jm^o LTM2 6 a i:PZTM2 6 b ^ 

(DmmHt'pi-f^. z(D^ofj^m^. ^mmi^mzG^. rmnmr=.^i 

btmbha Sr^^f S L a ^^mmt. ^ (0 L a ^mmm±lZ^^ L P b 

^t^ph^^mmtizmmt^t. l a^^mm(DMrmiz^ii^L ammti^ 
. ph^:^mmo)m±mzisi-f^Lamm^^)%m<^ji^o ^(D^otjtm^xi) 

^m^ztit'ssmx$>^. mz. ph0mmz^^x^mm'\t^^'tmmm:k 

So 

[0 0 3 2] 

ttz. ±7^0^of£t&mti^^\^^Ji^^m^lZit. P b^;tM^liPZTil2 6 b 
LTm2 Q a^(DLaitPh^^mm<DM±mtXmmHZ<<. Ph^ 



1 0 
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[0 0 3 3] 

LTm2 6 atfi(DL a;b^^^ PZT1^2 6 b nfJjcrat- S fcJb. L a^^tM^f^ 
T'li> ^(Z)«:T® (TgPmM;^^ I r 5 ilg^f -5®) ?()^e)±SmMfcS I r 

02)12 i\ZT5.'5<\z^ir\>xW-m\zWp-t^z.ttrj^^o 

[0 0 3 4] 

±^^(Z)|IM?^MT'li. LTJ12 6 a $:MOCVD^{Cj:U?^^LTV\S 
[0 0 3 5] 

y^Ltz. (Pb, La) (Zr, Ti) O3 ( P L Z T i: V^ e) o ) . C a 5: K 
-If^^tfe (Pb. Ca) (Zr, Ti) O3 ( P C Z T i: =fe V^ e)o ) > Sr 
K-H°>^*bfe (P b, S r) (Z r, T i) O3 ( P S Z T h e) o ) , 
L aS;t>*C a $: F-lf>^''L7^ (Pb, La, Ca) (Zr, Ti) 03(PL 
CZT^%V^e)„ ) . L aS.t)^S r F-tf>^t;t (Pb, La, Sr) (Z 
r, Ti) O3 (P L SZT^=fe^^^e)c ) , C a :5:t>* S r K- b (P 
b, Ca, Sr) (Zr, Ti)03(PCSZT^%V^e)„), La, Sr^ 
r5CaS:K-tf>^Lfe(Pb, La, Ca, Sr) (Zr, Ti) 03(PL 
CSZTii^^^^o. ) §:LTm±tC?^^bT, §^mmE$:^fi^bT=fo j;V^„ * 
fe. La. Ce.'&.XjS r\tKU^7.iJ^ VmM'&Oh'^^ V\Z^U-t^5imX^ 
^t^. B-9--r MC'agt'g>Nb;g:t>*MnS:PZTlCK-tf>^tfclli%LT)l± 

[0 0 3 6] 

La?:F--tf>^bfc)lT'tt, P Z TMi: jtiibT, ^j^^iff'I^A'^IoI^b, U- 
^ «^*^^T-t <5 v^ e) ^bti^o C a S:tJ^/Xli S r &^:&n b feUT- 
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[0 0 3 7] 

[0 0 3 8] 

Htc. mM®^3t=fo4tlci5B^$ti'5%0T'ttJ&<, MAlfP tm^T il^i:® 

if. m^mumm^mztjt^o Ltt^b. p tmtT imt^mMmmiz^-ox 
it. mmmii^m^(DP h(Dmwi^%^iz^±t^zintmmx:^^o ^ot. p 

0PhmWi0mmimmx^^zttrjt^o 

[0 0 3 9] 

^fe, mMtbxm^t^LTm(Dm-^^nizm^'^ti^^(DXitf£\^^-^\ 

a 

[0 0 4 0] 
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PAT. ^mm(Dmmm^m^tbxttsbxmmt^o 

[0 0 4 1] 

[0 0 4 2] 
[0 0 4 3] 

(#tB3) mBL a^:^mmiziB\i^L ammi)\ mBr^mmtm-t^m 

[0 0 4 4] 
[0 0 4 5] 

t ^#ia 3 {c|B^(Z)4^##:^g„ 
[0 0 4 6] 

(#136) IrjfHL aT i OgJUi. MOC VDHT'feSr i: 
ia5{CfB«(D^#^!ita*o 
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[0 0 4 7] 

0 n r t ^mwLtiT^m^ 5 Ktm<D^mi/^m.Uo 

[0 0 4 8] 

(#Sa8) Bff|HPb^;tfI^ti. Pb (Zr, Ti) O3JI, (Pb, La 
) (Zr, Ti)03jl, (Pb. Sr) (Zr, Ti)03J^, (Pb, Ca) 
(Zr, Ti) O^m. (Pb, La, Sr) (Zr, Ti) (Pb, L 

a, Ca) (Zr, Ti) O3E. (Pb, Ca, Sr) (Zr, Ti) 03^, 
SlU (Pb, La, Ca, Sr) (Zr, Ti) 0^^ti'htj^^mti'hM1Si-^t\> 

[0 0 4 9] 

1 8 0) vN-rti:^)^ 1 -^Kmm.<D^mwmm.o 

[0 0 5 0] 

(#131 0) ^#^S=S©±^lCTaisma§:0fiK^SX@i:, 
tffsaTBm^±fc, L a $:-^^LP b 5:-^^ L J5;v^/^a >^';^;!j>f t>M^^®*g 

[0 0 5 1] 

(#taii) mtiy^m^. l^t io^mtt^z.t^w^t.'t^iimi 

[0 0 5 2] 

(f^iai2) ftrfaT^nii, MocvDMr-fey. 5.o-e(7)^$*^2 o nm 

J^TT'&-5ri:?:#^ht-e#tBl OXlil Ucta«(Z)^#^^g(Z)|^jt;^^o 
[0 0 5 3] 
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(#fB13) mm^mn^m^. Pb (Zr, TI) O^m. (Pb, La 
) (Zr. TDOgJl, (Pb, Sr) (Zr, Ti) 03Jl. (Pb, Ca) 
(Zr, Ti) O^m. (Pb, La, Sr) (Zr, Ti) O3JI, (Pb, L 
a, Ca) (Zr, Ti) Ogjii, (Pb, Ca, Sr) (Zr, Ti) O^m. 
J^XJ^ (Pb, La, Ca, Sr) (Zr, Ti) O^Bii^^^J^^mJ-'^miH-^ti 

[0 0 5 4] 

[0 0 5 5] 

[0 0 5 6] 

[0 0 5 7] 
[0 0 5 8] 

S#fHl o;5Ml 7(^v^1'tl*^l^^cSH^(Z)^^flt^ig^O|g5i^^^o 

[0 0 5 9] 
[0 0 6 0] 
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[0 0 6 1 ] 

[01] 

[02] 

So 

[03] 
[04] 

T'feoT> 03 JC^-tXg(Z)r^X@l:^-tf^®0"efe'g)o 
[05] 

x^Etf^ (XRD) \z^^mn'^(Dnmm^^^irmxth^. 

1 ; 3tiimi*:^-VA°t/^ 

2 ; MO S 

3 ; hf:'^ MS 
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4 ; 9- 

5 ; yi/- 

1 1 ; ^mi^m^ 

1 2 ; H^^^ltiliei^jl 
1 3 ; ^^lJV 

1 4 ; MO S h^>i/;^^ 

1 5 ; i&mmmwcM 
1 6 ; mmmmmm 
17;^- hmmm 

1 8 ; y-h«@ 

19 ; ^>u-y--r KJi 

2 0 ; -tJ-^r K'^^;,}--;!/ 

2 1 ; ^yv-nymmitm 
2 2 ; ^yvziymim 

2 3 ; 71U 7:^^ Jim 
2 4 ; W:f^^ 
2 5; I rJl 

2 6 ; mmmpi^m 

2 6a; LTB 
2 6 b ; PZ TH 
2 7 ; I r O^m 
2 8 ; 

2 9 ; Mr^^^fe^M 

3 0 ; AV7^^}Vm 
3 1 ; Wf^^r 

3 2 ; 7iV7i^9)Vm 
3 3 ; iB^ 

3 4 ; AUT^^;i/|l 



[^m^] mm 

mi] 
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[02] 



18 y-hM 
20 f 19 K 
'24 \f 20 KO:il~;U 

23 



24 ^y^^' 
^ 23 

22 i/'ja: 




16 17 

15 j&mm^^m 
16 



■^21 V'JI3> 

^13 Ox;U 
11 iti^<*Sl5 

12 m^^^mmmm 

17 

26 ^i^mtt^n 




26(263- 
\26a- 



12 23 14 24 13 14 24 12 



-27 



26a->j!^^x^^25 25'->)^.;NV^4^26a 




} 
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(c) 



13w£7 




12 23 14 24 13 14 24 12 
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[1^5] 
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mm] 

Irm2 5, LTll2 6a, P Z TH 2 6 b &t>* I r OgH 2 7 IrJir^^^t-S 
, LTm2 6 aJ^mtmmni^mX'ltrjt^^f)^ LT)^2 e a2i^tKPZTil2 e b 

e a^m^t^Zttf^X^^^o ttz. LT]^2 6 a(Z)^0lr«^{iPZTM2 6 b 
ill^^JC, ^U'fT.:^^ hmmi^X^^o ^bT> z:(7)j:^J&LTJl2 6 a(D± 

6 ai(Dm\^m\^mi)^t\>. l^V^iBt^I'S©PZTm2 6 b;b^#f>n<g>o 

vmrnm] m2 



1 
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m 0 A 



mm^^ [000005223] 



1. ^m^MB 1996^ 3B26H 
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